Background and aims-To develop and assess a disease specific instrument for measuring health related quality of life (HRQL) in patients with chronic liver disease (CLD). Methods-Based on responses from 60 patients with chronic liver disease, from 20 liver experts, and from a Medline search of the literature, items potentially aVecting the HRQL of these patients were identified. A separate sample of 75 patients identified which items they found problematic and rated their importance. Results were explored using factor analysis; domains were chosen and items placed within domains. Redundant questions were eliminated and the final questionnaire was pretested in 10 patients. Using this instrument, HRQL was assessed in a further 133 patients with various types and stages of liver disease. Results-Patients, experts, and the literature search identified 156 items of potential importance. Of these, 35 proved important to over 50% of 75 respondents in the item reduction sample. The factor analysis suggested six domains. After eliminating redundancies, the Chronic Liver Disease Questionnaire (CLDQ) included 29 items in the following domains: fatigue, activity, emotional function, abdominal symptoms, systemic symptoms, and worry. In pretesting, patients found the CLDQ clear and easy to complete in 10 minutes. In another 133 patients, the CLDQ showed a gradient between patients without cirrhosis, Child's A cirrhosis, and those with Child's B or C cirrhosis. CLDQ has evidence for moderate reliability at six months and seems to be responsive. Conclusion-The CLDQ is short, easy to administer, produces both a summary score and domain scores, and correlates with the severity of liver disease. (Gut 1999;45:295-300) Keywords: quality of life; liver disease; liver specific quality of life; well being
The traditional "biomedical model" of health which is based on the basic sciences (molecular biology, genetics, physiology, biochemistry, etc.) is being integrated with the "social science model" of health, based on a psychosocial and economic foundation. This integrated approach to clinical practice and research in medicine requires not only monitoring the traditional physiological and biochemical outcomes but also health related quality of life (HRQL). [1] [2] [3] Chronic liver disease (CLD) results from a variety of disorders and is a major cause of morbidity and mortality worldwide. Death from liver disease or its complications is the ninth leading cause of mortality in the United States. About 5 million Americans suVer chronic infection from hepatitis B or C viruses (HBV or HCV) and millions more bear the consequences of other chronic hepatocellular or cholestatic liver disorders. 4 Patients with chronic liver disease experience a variety of symptoms with profound negative impact on their HRQL. A systematic assessment of determinants of this impairment is currently not available. In a recent study of HCV infected individuals without cirrhosis, impairment in HRQL was not related to the degree of liver inflammation or mode of acquisition. 5 The biology of chronic liver disease, and our clinical experience with these patients, is such that we would anticipate patients experiencing progressive symptoms and functional limitation with increasing severity of liver disease. Complications of cirrhosis (hepatic encephalopathy, ascites, spontaneous bacterial peritonitis, and recurrent variceal haemorrhages) can have further negative impact on patients' well being. On the other hand, the relation between HRQL impairment and severity of disease is unlikely to be very strong.
Many interventions in patients with CLD are geared primarily to make patients feel better and improve their HRQL. While investigators may choose from a variety of validated generic instruments for measurement of HRQL, these questionnaires may fail to detect small but important improvements in HRQL in patients with CLD. A liver specific instrument is likely to be more responsive to changes in HRQL that, while small, are nevertheless important. [6] [7] [8] [9] [10] [11] [12] [13] Although preliminary data on modular instruments (based mainly on generic instruments) for liver disease are available, a disease specific instrument for patients with CLD is not available. In this article we describe the development of a disease specific HRQL instrument for CLD, the Chronic Liver Disease Questionnaire (CLDQ).
Methods

INSTRUMENT DEVELOPMENT PHASE
We have developed an evaluative instrument to measure longitudinal change over time within individuals with CLD. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] We deemed the following criteria essential for the final questionnaire.
( 
Patients
We selected patients from the hepatology practice of the Cleveland Clinic Foundation. We included patients if they had an established diagnosis of CLD, were older than 18 years of age, and lacked any other chronic disorders that may aVect the HRQL. We also excluded patients if they had psychiatric or emotional problems, or language or cognitive diYculties that prevented reliable completion of the questionnaire. There was no overlap in the patients for each phase of development and testing. This project was reviewed and fully approved by the Investigational Review Board of the Cleveland Clinic Foundation.
Item selection
We began by constructing a list of items likely to be important to patients with CLD. Sources of items included previous studies examining the impact of CLD on patients' lives [16] [17] [18] [19] [20] [21] [22] [23] [24] and generic measures of HRQL. [11] [12] [13] Additionally, 20 hepatologists and experts with extensive experience in the care of patients with liver disease completed an open ended questionnaire in which they listed items that have a significant impact on quality of life of patients with CLD; the importance of each item was ranked on a five point scale where 1 was least important and 5 was most important. Interviews with 60 patients with CLD were carried out (two focus groups of eight patients each, telephone interviews of 10 patients, and the remainder face to face individual interviews) which supplemented the list of items for the initial questionnaire.
Item reduction
Three principles guided our approach to item reduction. Firstly, our primary criterion for including an item was the impact of the item on the population (how often patients labelled the item as a problem for them, and the importance they attached to it). Secondly, in order to decrease variability of response and reduce any impact of idiosyncratic response to a given question (that is, helping to ensure validity and responsiveness), each domain must include three items. Thirdly, we used factor analysis as a strategy to help place items in diVerent domains.
We interviewed 75 patients for the item reduction phase. Patients identified items that were problems for them. For those items that patients labelled as a problem, they rated the importance on a five point scale where 1 was least important and 5 was most important.
For each item, we calculated an "impact score", the product of the proportion of patients identifying the item as a problem (frequency), and the mean importance attributed to that item. The impact score for each item could range from 0 to 5.
We conducted a factor analysis of items endorsed as problematic by more than 50% of the patients. Factor analysis was performed to guide placement of items into diVerent domains. We combined this with judgement to make sure that placement of an item into a domain made intuitive sense. A principle component analysis identified items with an eigenvalue of greater than 1. The eigenvalue rises as the proportion of variance explained by a factor increases, and investigators often use a cut of 1 to identify factors that warrant further consideration. We also used a scree plot to help decide on possible numbers of domains. The scree plot presents the eigenvalues of each factor in descending order, and helps determine where there is a rapid drop in the proportion of variance explained. In this case, the scree plot suggested a model of up to six factors. We then repeated the factor analysis using a varimax rotation, examining four, five, and six factor solutions, and chose the solution that made the most intuitive sense. The varimax rotation facilitates separation of factors with an optimal balance of variance explained by each factor.
Questionnaire construction and pretesting
We constructed appropriate questions for each item identified for the questionnaire, and specified response options using seven point scales, ranging from the worst (1) to the best (7) possible function. Previous work suggests that seven point scales combine excellent responsiveness with ease of administration and patient understanding. 28 29 Ten patients completed the self administered CLDQ, and commented on each question. We made necessary changes in the questionnaire construction and wording based on their comments.
ASSESSMENT OF HRQL USING CLDQ
Cross sectional administration of CLDQ We administered the final CLDQ and MOSShort Form 36 (SF-36) to patients with a variety of types and stages of liver disease, recording clinical and demographic data at the time of questionnaire administration. We chose our overall sample size target of 130, hoping that we would recruit approximately 30 patients in each category of disease, allowing us to detect diVerences between groups of 0.6 standard deviation units. We used analysis of variance (ANOVA) to compare scores of patients with diVerent stages of liver disease. We classified patients as non-cirrhotics, early cirrhotics (Child's A), and advanced cirrhotics (Child's B and C) using modified Child-Pugh classification. 30 We considered a p value of less than 0.05 to be significant.
Longitudinal administration of CLDQ
We administered CLDQ and SF-36 to patients six months after the original administration. Global rating of change (GRC) was also administered to determine whether patients were stable or had changed. To assess reliability, intraclass correlation coeYcients were calculated according to Shrout and Fleiss. 31 Pearson correlation was used to see whether changes in CLDQ scores (or its domains) or SF-36 scores, correlated with clinical change as determined by GRC.
Results
INSTRUMENT DEVELOPMENT PHASE
Item selection
We interviewed 60 patients of whom 61% were women. Their age was 51 (10) years. Of these patients, 20 had hepatocellular liver disease (Child's <A7; seven, chronic hepatitis C (CAH-C); four, chronic hepatitis B (CAH-B); nine, other types of liver disease), 20 cholestatic liver disease (Child's <A; 14, primary biliary cirrhosis; six, primary sclerosing cholangitis), and 20 advanced liver disease of both types (Child's >B8; seven, viral hepatitis B and C related cirrhosis; five, alcohol related cirrhosis; four, primary biliary cirrhosis; two, primary sclerosing cholangitis; two, other types of liver disease). We identified 156 items that may impact on the HRQL of patients with CLD. We included these items in our item reduction questionnaire.
Patients for item reduction
We administered the item reduction questionnaire to 75 patients, 53.3% of whom were women. Their age was 51 (8) years, and 36% of patients had cholestatic liver diseases (16, primary biliary cirrhosis (PBC); 11, primary sclerosing cholangitis (PSC)) while 48 (64%) patients had hepatocellular liver disease (15, CAH-C; four CAH-B; nine, alcohol related liver disease (ALD); 20, other types of liver disease). Twenty two (29.3%) had no cirrhosis, 29 (38.7%) had early cirrhosis (Child's <A7), and 24 patients (32%) had advanced cirrhosis (Child's >B8). Table 1 presents the items that over 50% of the patients identified as a problem.
Item reduction and factor analysis
Thirty five items were identified as important by over 50% of the respondents (table 1) . A principle component analysis and scree plot suggested an up to six factor model. Factor analysis was performed; it assigned each item into one of the six factors (table 1) . 
Pretesting of questionnaire
We began by pretesting the 35 item questionnaire. In pretesting, patients felt that there was excessive redundancy in seven of the items in the fatigue domain. They were "fatigue", "feeling weak", "lack of energy", "tired in the afternoon", "tired in the morning", "decreased level of energy", and "feeling worn out". These items were combined into two items. Feeling worn out, feeling weak, and fatigue were combined as one item and decreased level of energy, lack of energy, and tired in the morning and afternoon as a separate item. The activity domain also had redundancies: "problem carrying heavy objects" and "problem lifting heavy objects" were combined as one item. After eliminating redundancies, 29 items remained which were distributed in six domains. The items were presented as closed ended questions with seven point scale response options. In general, patients found the presentation of the questionnaire clear and satisfactory, and they utilised the full range of response options. On average, it take about 10 minutes to complete the questionnaire. The CLDQ is summarised in the Appendix.
ASSESSMENT OF HRQL USING CLDQ
Cross sectional administration of CLDQ Of the 133 patients with CLD who completed the CLDQ in the next phase of the study, 47% were women and their average age was 50 (11) years. Of these patients, 30 (23%) patients had cholestatic liver diseases (PBC, PSC) while 103 (77%) patients had hepatocellular liver disease. Forty five (34%) had no cirrhosis, 43 (32%) had Child's A, 31 (23%) Child's B, and 14 (11%) had Child's C cirrhosis. The overall CLDQ score for patients with no cirrhosis (5.14 (1.14)) was higher than for those with early cirrhosis or Child's A (4.47 (1.12)) and those with advanced cirrhosis or Child's B and C (3.76 (1.09) and 3.76 (1.19), respectively) (p<0.001, ANOVA). We observed a similar gradient across each of the six domains (table 2) . Similar reductions in scores were seen for SF-36, except for vitality (VT) and mental health (MH) scales. As severity of liver disease worsened, the physical component summary score (PCS) of SF-36 performed better than the mental component summary score (MCS) (table 3).
Longitudinal administration of CLDQ
Of the 46 patients with CLD who completed the CLDQ a second time (six months after the initial administration), 50% were women and their average age was 53 (11) years. Of these patients, 15 patients (33%) had cholestatic liver diseases (PBC, PSC), while 31 (77%) patients had hepatocellular liver disease. Sixteen patients (35%) had no cirrhosis, 16 (35%) had Child's A, 12 (26%) Child's B, and two (4%) had Child's C cirrhosis.
Of these patients, 15 (33%) had no change in their global ratings of change scores and were considered stable. The intraclass correlations (ICC) for each domain were as follows: fatigue (ICC=0.72), emotional function (ICC=0.68), abdominal symptoms (ICC=0.63), worry (ICC=0.58), activity (ICC=0.43), systemic symptoms (ICC=0.23), and overall CLDQ (ICC=0.59).
Of patients that deteriorated, changes in CLDQ scores over the six month period (change in CLDQ score or change in domain scores) were correlated with GRC scores. Changes in the overall CLDQ score correlated highly with GRC (r=0.84, p=0.02). The fatigue domain of CLDQ and the abdominal symptom domain of CLDQ, both correlated highly with GRC (r=0.83 and r=0.90, respectively; p=0.006). In this cohort of patients, there were not suYcient changes in the remainder of domains to reach statistical significance. In the same cohort of patients that deteriorated, changes in SF-36 scores were correlated with changes in GRC. This correlation was 0.23 for MCS and 0.23 for PCS (p=0.57).
Discussion
We have developed the first disease specific HRQL instrument for patients with CLD (Chronic Liver Disease Questionnaire) using a comprehensive methodological framework 6 established for development of other disease specific, HRQL instruments.
6-10 Our approach to item selection which utilised a variety of sources including input from patients with diverse types and stages of liver disease was comprehensive and ensured that we captured all important items. Involvement of 75 patients (again with a variety of types and stages of liver disease) in the item reduction process further enhances the content validity of our questionnaire. Designation of diVerent items into appropriate domains through factor analysis ensures that the domain scores represent specific aspects of HRQL. Finally, our pretesting provides evidence that the CLDQ is clear and that items are easy to understand.
We recommend that, by dividing each domain score by the number of items in the domain, investigators present CLDQ results on a 1 to 7 scale. A consistent presentation of results on a seven point scale facilitates their interpretability. This is the case because, for a number of similarly structured disease specific HRQL measures, a change of 0.5 on the 1 to 7 scale approximates the important diVerence in questionnaire score. [25] [26] [27] [28] [29] While empirical demonstration would strengthen our inference that the same interpretation applies to CLDQ, the repeated finding with diVerent questionnaires and diVerent measurement techniques suggests that this may well be the case.
We have administered CLDQ to a cohort of patients with a variety of types and stages of CLD. Our data show that as liver disease becomes more severe, patients' HRQL as measured by the CLDQ deteriorates. This supports the construct validity of the instrument as a cross sectional measure of HRQL for CLD. Although scale scores for SF-36 also deteriorate with disease severity, this was not true for all scales. Specifically the vitality and mental health scales of SF-36 did not capture this change in severity of liver disease.
Patients with advanced cirrhosis (Child's B and C) showed similar HRQL scores measured both by generic and disease specific instruments. One possible explanation of this finding is that the clinical deterioration between Child's B and C is not accompanied by a corresponding deterioration in HRQL. Alternatively, neither the generic instrument nor the CLDQ may focus suYciently on issues of particular concern to Child's C patients, and thus fail to discriminate the latter stages of liver failure. Finally, the small sample size of the Child's C group (14 patients) could explain our inability to show a diVerence between groups.
In further testing, CLDQ seems to have moderate reliability after six months of readministration. Given that CLDQ scores correlated highly with clinical evidence of deterioration (measured by GRC), this instrument seems to be more responsive than the generic SF-36.
Limitations of our study include our decision to focus on items that were important to over 50% of our population. Thus, it is possible we excluded items that are important to only a particular subpopulation. Our pragmatic goal of creating a widely applicable and eYcient instrument suitable for clinical trials mandated this approach which carries with it this inevitable limitation.
Additional concerns include our recruiting patients from a single tertiary care medical centre. Although we have sampled patients from both spectrums of disease severity (non-cirrhotics to Child's C cirrhotics), a selection bias is still possible. However, given the nature of quality of life concerns, a radical diVerence across populations seems unlikely. Finally, we have not yet investigated the responsiveness of the CLDQ, its ability to detect important change over time even if that change is small. We are addressing these issues in ongoing studies of the CLDQ in nontertiary settings and eYcacy trials of patients with a variety of types of liver disease.
In summary, CLDQ is the first disease specific HRQL instrument that has been systematically developed. Using this instrument and SF-36, HRQL in patients with chronic liver disease deteriorates as the disease becomes more severe. This impairment in HRQL seems better detected by the disease specific instrument: CLDQ. Supplementing other clinical end points, CLDQ can be useful in clinical research involving patients with chronic liver disease. 
